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ABSTRACT
A method o f  v i r u l e n c e  a s sa y  o f  Geotriehum candidum i n  
embryonated c h ic k e n  eggs  was u se d .  P a t h o g e n i c i t y  o f  s even  i s o l a t e s  
was t e s t e d  on t h e  c h o r i o a l l a n t o i c  membrane (CAM) o f  embryonated egg  
which showed t h a t  animal i s o l a t e s  CH and B-446 were more p a th o g e n ic  
than p la n t  i s o l a t e s  LA-2, C-125 ,  WR, ATCC-7019 and LA-1. Yolk s a c s  
were found to  be  s u s c e p t i b l e  to  i s o l a t e s  CH and ATCC-7019. Sus­
c e p t i b i l i t y  o f  embryos through y o l k - s a c  i n o c u l a t i o n  d e c r e a s e d  w ith  
a g e .  Yolk sac  was more s u s c e p t i b l e  than the  CAM to  i s o l a t e  CH.
Other e xp er im en ts  i n d i c a t e d  th a t  s e r i a l  p a s sa g es  o f  th e  fungus on 
th e  CAM was a s s o c i a t e d  w i th  a tendency fo r  in c r e a s e d  p a t h o g e n i c i t y .  
I n o c u l a t i o n  o f  c i t r u s  f r u i t  w ith  th e  i s o l a t e s  a f t e r  t h e  s e r i a l  
p a s s a g es  showed s t a b i l i t y  i n  p a t h o g e n i c i t y  on p la n t  t i s s u e .  H i s t o -  
p a t h o l o g i c a l  s t u d i e s  showed t h a t  the  fungus grew i n  the  CAM, and 
h y p e r p l a s i a  w i th  p r o l i f e r a t i o n  o f  the  t i s s u e  f o l lo w e d  by d i s i n t e g r a ­
t i o n  occurred  as  a r e s p o n s e  to  i n f e c t i o n .
v i i
INTRODUCTION
Many fu n g i  a re  known t o  cau se  p l a n t  d i s e a s e s  and a l e s s e r  number 
t o  cau se  d i s e a s e s  o f  humans and o th er  a n im a l s .  U n t i l  r e c e n t l y ,  how­
e v e r ,  few ,  " i f  any" f u n g i  were known t h a t  would cause  d i s e a s e  in  both  
p l a n t s  and a n i m a l s ,  A s e r i e s  o f  s t u d i e s  made by th e  author  d u r in g  
1964-67  e s t a b l i s h e d  t h a t  p la n t  and anim al i s o l a t e s  o f  the  fu ngus ,  
Geotrichum candidum Link ex Persoon ,  were  - r e c i p r o c a l l y  p a th o g en ic  on 
p la n t  and animal  t i s s u e s .
In 1957, and 1959, a sev ere  f r u i t  r o t t i n g  d i s e a s e  o f  L o u is ia n a  
c i t r u s  was found t o  be due to  th e  fu n g u s ,  G. candidum (4 2 ,  4 3 ) .
S in c e  t h i s  fungus  was t a x o n o m ic a l ly  th e  same as  th e  one r ep o r t ed  to  
c a u s e  the human d i s e a s e  known as  G e o t r i c h o s i s  (2 ,  4 8 ,  4 9 )  a s tudy  
was made by t h e  author  t o  determ ine  i f  i s o l a t e s  o f  th e  fungus  taken  
from a n im a l s ,  i n c l u d i n g  humans, would a t t a c k  f r u i t s  and v e g e t a b l e s .  
R e s u l t s  o f  t h i s  s tu d y  were p u b l i s h e d  and showed th a t  most mammalian 
i s o l a t e s  o f  t h i s  fungus  cou ld  cause  a decay o f  c e r t a i n  p la n t  t i s s u e  
on a v a r i e t y  o f  c rop s  (1 9 ,  20 ,  2 1 ) .
In  t h i s  d i s s e r t a t i o n  s t u d i e s  were made t o  d e term ine  i f  p la n t  
i s o l a t e s  o f  the  t e s t  fungus would i n f e c t  and cause  d i s e a s e  in  animal  
t i s s u e .  The t i s s u e s  o f  embryonated c h ic k e n  eggs  were found to  be 
s u i t a b l e  f o r  t e s t i n g  and e s t a b l i s h i n g  r e c i p r o c a l  p a t h o g e n i c i t y  among 
s e l e c t e d  i s o l a t e s  o f  G. car.didum.
The com parat ive  v i r u l e n c e  of  seven  i s o l a t e s  o f  G. candidum was 
determ ined  by i n o c u l a t i o n  o f  the c h o r i o a l l a n t o i c  membranes (CAM) o f
i
embryonated c h ic k e n  e g g s .  In a d d i t i o n ,  t h i s  work in c lu d e d  a com- 
p a r i s o n  o f  the  CAM, y o l k  s a c ,  and a l l a n t o i c  f l u i d  as  s i t e s  of  
i n o c u l a t i o n  in  embryonated e g g s .  The h i s t o l o g i c  appearance  o f  
i n f e c t e d  membranes and the e f f e c t  o f  age  o f  th e  y o l k  sac  on s u s ­
c e p t i b i l i t y  to  i n f e c t i o n  a l s o  was s t u d i e d .
The s e r i a l  p a s s a g e  o f  G. c and idum i s o l a t e s  from one c h ic k e n
embryo CAM to  a n oth er  was conducted to  d e te r m in e  whether  or not a
c o r r e l a t i o n  e x i s t e d  between i s o l a t e s  and a l t e r n a t i o n  i n  t h e i r
/
p a t h o g e n i c i t y  a f t e r  p a s s a g e .  P a t h o g e n i c i t y  was d eterm ined  cn 
p l a n t  t i s s u e  a f t e r  s e r i a l  passage  on anim al t i s s u e .
These  s t u d i e s  may h e l p  to  b r id g e  the  gap i n  knowledge c o n c e r n ­
in g  th e  r e l a t i o n s h i p  between human and p l a n t  d i s e a s e s  and i n t e g r a t e  
th e  two s e p a r a t e  f i e l d s .  Fungi c a u s in g  p la n t  d i s e a s e s  may be p ar t  
o f  the  common f l o r a  and c o u l d ,  under c e r t a i n  c o n d i t i o n s ,  be i n f e c ­
t i o u s  to  man and o th er  a n im a l s .
REVILW OF LITERATURE
G eneral  c h a r a c t e r i s t i c s  o f  t h e f u n g u s :
C l a s s i f i c a t i o n  o f  C-eot r i c h u n  candidun Link ex Persoon has been  
d e s c r i b e d  in  t h e  l i t e r a t u r e  under a wide  v a r i e t y  o f  names b e c a u s e  o f  
wide v a r i a b i l i t y  among fungous  i s o l a t e s .  Geotrichum s p .  in  g e n e r a l  
produces  a w e l l - d e v e l o p e d  m yce l ium . Term inal  p o r t i o n s  o f  th e  hyphae 
break up i n t o  s h o r t  a r t h r o s p o r e s  o f  a c h a r a c t e r i s t i c  shape d e s c r ib e d  
a s  b e in g  cuboid or s h o r t  and c y l i n d r i c a l  w i th  f l a t t e n e d  ends ( 1 ) .
The mycelium i s  h y a l i n e ,  s ep ta te ,  and more or l e s s  s p e c i a l i z e d  i n t o  
broad,  r a d i a t i n g  v e g e t a t i v e  hyphae,  which branch d i c h o t e m o u s l v . 
Sporu laLing  hyphae a re  narrow and produced l a t e r a l l y  on v e g e t a t i v e  
hyphae. They a l s o  may be  branched .  A r th r o sp o r e s  a r e  formed in  
c h a in s  e i t h e r  by the  d i s a r t i c u l a t i o n  a t  th e  s e p t a  o f  th e  s p o r u l a t  i.ng 
hyphae cr sometimes i n t e r c a ) l a r y  in  th e  broad v e g e t a t i v e  hyphae.
They u s u a l l y  mature in  r a p id  b a s i p e t a l  s u c c e s s i o n .  Spore ch a in s  
may be a e r i a l  and e r e c t ,  decumbent ,  or  f l a t  on the  s u r f a c e  o f  the  
medium. A r th r o sp o r e s  a l s o  may be produced under the  s u r f a c e  of  th e  
medium. A c o m p le te  d e s c r i p t i o n  o f  th e  fungus was g i v e n  by 
Carmichael ( 1 3 ) .
There was much c o n f u s i o n  c o n c e r n in g  the  i d e n t i t y  o f  t h i s  com­
mon fungus  u n t i l  th e  work o f  Carmichael ( 1 2 ) ,  who made a thorough  
taxonomic s tu d y  o f  t h e  genus and l i s t e d  55 synonyms fo r  t h i s  y e a s t ­
l i k e  fu n g u s .  He s t a t e d  t h a t  much o f  th e  c o n f u s i o n  c o n c e r n in g  the  
i d e n t i t y  o f  G. cand idum was due to  th e  g r e a t  v a r i a t i o n  encountered
4in  d i f f e r e n t  s t r a i n s  o f  th e  fu n g u s .  He c l a s s i f i e d  36 s t r a i n s  from 
d i a r y  products  and human o r i g i n  as  G. c a ndidum. The v a r i a t i o n s  
appeared in  d ia m eter  o f  c o lo n y  growth ,  c o lo n y  morphology and s i z e  
o f  a r t h r o s p o r e s .
Carmichael (12) gave a key t o  th e  s p e c i e s  of Geotrichum and 
a d i s c u s s i o n  of  each .  The s i x  s p e c i e s  were: G. m a g n u s s i i , G.
f r a g r a n s , G. candidum, G■ anyce l i u m , Gj_ g r a c i l e  and G . d u l c i t u m .
He s e t  up a l s o  s i x  p r o v i s i o n a l  s p e c i e s  d e s i g n a t e d  by th e  l e t t e r s  
"A" through "F".
G. candidum most o f t e n  i s  r e f e r r e d  t o  as  e i t h e r  0 idium l a c t i s  
F r e s ,  or Oospora  1a c 1 1s ( F r e s . )  Sacc , The term "oidium" r e f e r s  to  
t h e  i m p e r fe c t  s t a g e s  o f  c e r t a i n  ascom ycetou s  f u n g i  t h a t  i n c i t e  the  
powdery mildew d i s e a s e s  o f  c e r t a i n  p l a n t s .  G_. candidum, however,  
has o n ly  a s u p e r f i c i a l  r esem blan ce  to  t h i s  group o f  organisms th a t  
bear  t h e s e  c o n i d i a  on c o n i d i o p h o r e s . Hence,  0 .  l a c t i  s had to  be 
p la c e d  in  a n o th er  genus .  Geotrichum s p .  a n t i d a t e s  Oospora s p .
G. candidum has become f a m i l i a r  i n  the  f i e l d  o f  a p p l i e d  mycology ( 3 0 ) .
B u t l e r  ( 9 ) ,  in  1962, r ep o r ted  t h a t  the c u l t u r e s  i s o l a t e d  from 
d e c a y i n g  c i t r u s  f r u i t  i n  C a l i f o r n i a ,  F l o r i d a  and L o u is ia n a  were  mor­
p h o l o g i c a l l y  i n d i s t i n g u i s h a b l e  from c u l t u r e s  o f  G. c andidum o b ta in e d  
from m i l k ,  sew age ,  tomato and o th er  s o u r c e s .
Human sputum specim ens of  G. c a nd idum form s e p t a t e ,  branch in g  
hyphae which break up i n t o  a r t h r o s p o r e s  th a t  a re  c y l i n d r i c a l  to  
b a r r e l - s h a p e d ,  or sometimes e l l i p t i c a l ,  and about 4 t o  8  microns  in  
s i z e  ( 4 9 ) .
P a t h o g e n i c i t y  and symptoms produced by G. candidum:
G. candid urn, l i k e  many f a c u l t a t i v e  p l a n t  p a r a s i t e s ,  i s  w i d e ­
spread in  n a ture  in  d i v e r s e  h a b i t a t s  ( 8 , 9 ,  10,  11,  12 ,  1 9 ) .  The fungus  
not o n ly  i s  p a t h o g e n ic  to  a wide  range  o f  p l a n t s ,  but a l s o  may be 
p a t h o g e n ic  to  an im als  ( 2 ,  4 0 ,  4 8 .  4 9 ) .  Reviews o f  the  l i t e r a t u r e  
on p a t h o g e n i c i t y  o f  t h i s  fungus  were  p r e s e n t e d  by B u t l e r  e t  a l .  (9 ,
1 0 ) ,  Carmichael (12 ,  1 3 ) ,  E l -Tobshy  (1 9 ,  21), and Ceponis  ( 1 4 ) .
Symptoms of  i n f e c t i o n  by t h i s  fungus  on p l a n t s  a r e  f a i r l y  
uniform .  T h e . fu n g u s  b r i n g s  about  a s o f t ,  w a t e r y ,  c o l o r l e s s ,  b r e a k ­
down o f  t i s s u e  w i th  c h a r a c t e r i s t i c  "sour" odor .  Smith ( 4 6 ) ,  in  
1917,  s t a t e d  t h a t  s e v e r a l  terms were a p p l i e d  t o  d i s e a s e  caused by 
t h i s  fungus i n c l u d i n g :  sour  r o t ,  s l im y  r o t ,  and w atery  r o t .
Sour rot  o f  c i t r u s  was f i r s t  r e p o r t e d  in  L o u i s i a n a  c i t r u s  
g ro v es  d u r in g  th e  l a t e  summer and f a l l ,  1957 by S i n c l a i r ,  e t  a l .
(42)  . They r ep o r t e d  l o s s e s  t h a t  ranged from 10 to  30 per c e n t  o f  
the  c r o p .  Sour r o t  reached  e p i p h y t o t i c  p r o p o r t i o n s  in  L o u is ia n a  
c i t r u s  d u r in g  December, 1961 ( 4 3 ) .  I t  v.’a s  e s t im a t e d  t h a t  2 0 ,0 0 0  
b u s h e l s  o f  Satsuma oranges  a l o n e  were l o s t  i n  Plaquemines  P a r i s h  a t  
t h a t  t i m e .
A le x o p o u lo s  ( 1 ) ,  in  1962,  p o i n t e d  out  t h a t  c e r t a i n  form 
s p e c i e s  o f  Gcotrichum a r e  known t o  be p a t h o g e n ic  to  man. Webster  
( 4 8 ) ,  in  1959, r ev iew ed  fo u r  c a s e s  o f  G c o t r i c h o s i s : o r a l ,  i n t e s t i n a l ,
b r o n c i a l  and pulmonary.  G e o t r i c h o s i s  i s  an a c u t e ,  s u b a c u t e ,  or 
ch ron ic  i n f e c t i o n .  T h is  organism lias no t  been c a r e f u l l y  s t u d i e d  in  
man, but i t  i s  known t o  be  p r e s e n t  in  th e  b o d i e s  of  human b e in g s  
w ith o u t  symptom e x p r e s s i o n .  I n f e c t i o n s ,  t h e r e f o r e ,  may become
p athogen ic  under c e r t a i n  c o n d i t i o n s .  Superimposed i n f e c t i o n  by 
Geotrichum s p ,  may a g g r a v a t e  p r e - e x i s t i n g  pulmonary d i s e a s e s ,  such 
as  b r o n c h i l o s i s  and pulmonary t u b e r c u l o s i s  ( 4 9 ) .
I t  has been s t a t e d  th a t  p erson s  who f r e q u e n t ly  have t h e i r  hands 
i n  w a te r ,  or in  c o n t a c t  w i th  food m a t e r i a l s ,  a re  most l i k e l y  to  be 
a f f e c t e d  by t h i s  o rgan ism .  C h e f s ,  c o o k s ,  sa lad  makers ,  f r u i t  p e e l e r s  
i n  canning  i n d u s t r y ,  p i e  makers ,  d ish w ash ers  and laundry workers are  
e s p e c i a l l y  s u s c e p t i b l e  t o  i n f e c t i o n  ( 4 9 ) .  G. cand idum i s  a common 
mold f r e q u e n t l y  a s s o c i a t e d  w i th  mold ing foods  which c o n t a in  l a c t i c  
a c i d .  I t  has been found in  s i l a g e ,  sa u e r k r a u t ,  and p i c k l e  b r i n e  ( 4 9 ) .
El-Tobshy and S i n c l a i r  (1 9 ,  21) and Lewis et a l . (32) s' owed th a t  
animal i s o l a t e s  o f  G. candidum cou ld  be p a th ogen ic  to  v a r io u s  f r u i t s  
and v e g e t a b l e s .  I t  was found by t h e s e  workers t h a t  n ine  p la n t  i s o ­
l a t e s  and 12 animal  i s o l a t e s  were p a th ogen ic  t o  14 f r u i t s  and v e g e ­
t a b l e s  i n c l u d i n g ,  r i p e  tom ato , orange and lemon. C i f e r r i  (16)  
reported  th a t  two i s o l a t e s  o f  human o r i g i n  caused a decay  in  t a n g e r in e  
and oran ge ,  but o n ly  a s l i g h t  decay  in  lemon. An i s o l a t e  from o y s t e r ,  
however, d id  not ca u se  sour  r o t  i n  c i t r u s .  Lewis and S i n c l a i r  (32)  
rep o r ted  an apparent c o r r e l a t i o n  between the pH o f  p la n t  t i s s u e s  and 
t h e i r  s u s c e p t i b i l i t y  t o  t h r e e  p l a n t  and one human i s o l a t e  o f  G. 
candidum.
S i n c l a i r  (44 )  found t h a t  p l a n t  and animal i s o l a t e s  o f  G. 
candidum were presumably p a r a s i t i c  to  t u r t l e ,  s i n c e  th e  i s o l a t e s  
su rv iv ed  fo r  two weeks i n  t u r t l e  t i s s u e s .  No g r o s s  symptoms o f  
i n f e c t i o n  were o b s e r v e d .  M icro sco p ic  exam inat ion  o f  s t a i n e d  t i s s u e s ,  
however, showed t h e  p r e se n c e  of  the  fungus mycelium in the  lung and 
p a n c r e a s .
There i s  a s i n g l e  c a s e  o f  a n o t h e r  fungus  p o s s i b l y  c a u s i n g  
d i s e a s e  in  both  p l a n t s  and humans. Emmons (26)  was a b l e  t o  produce  
l e a f  s p o t s  e x p e r i m e n t a l l y  on l e t t u c e ,  p o t a t o ,  and tomato w i t h  the  
s t r a i n  o f  Cercospora a p i i  F r e s .  i s o l a t e d  from human l e s i o n s .  Such a 
r ep o r t  as  t h i s  s u g g e s t e d  th a t  perhaps  f u n g i ,  which were o r d i n a r i l y  
not p a t h o g e n ic  t o  humans may become s o ,  i f  th e y  become i n t o  c o n t a c t  
w ith  th e  proper i n d i v i d u a l  under proper s e t  o f  c o n d i t i o n s .  Chupp 
(15)  d i s a g r e e d  w i t h  th e  s p e c i e s  i d e n t i f i c a t i o n  made by Emmons and 
h i s  c o l l e a g u e s  and d e n ie d  th a t  th e  c a u s a l  a gen t  was C ercospora  a p i i .
Sm al ley  e t  a l .  ( 4 5 ) ,  in  1962, r ep o r t ed  a p h y s i o l o g i c a l  d i s ­
turbance  in  a n im als  r e s u l t i n g  from i n g e s t i o n  o f  R h lz o c t o n ia  
legum in i c o l a - i n f e s t e d  red  c l o v e r  f o r a g e .  They conc luded  t h a t  a 
s l o b b e r  facLor (S f )  was c o n ta in e d  in  the  mycelium o f  R . l e g u m i n i c o l a . 
R e c e n t l y ,  Rainey  e t  a l ,  ( 3 8 ) ,  in  1 9 6 5 ) ,  were a b l e  t o  i s o l a t e  t h e  s a l i ­
v a t i o n  f a c t o r  from R. legumfn i c o 1a on red c l o v e r  hay (g u in ea  p i g ) .
The au th or  has r e p o r t e d ,  r e c e n t l y ,  t h a t  t h e  CAN o f  c h i c k  embryo 
to  be  a s u i t a b l e  h o s t  fo r  d i f f e r e n t  i s o l a t e s  o f  the  fungus G. ca n d id um 
(22 ,  23 ,  24 ,  2 5 ) .
Use o f  th e  a v i an egg f o r  fungus c u l t u r e :
Egg c o n t e n t s  were employed as  e n r i c h i n g  s u b s t a n c e s  fo r  c u l t i ­
v a t i o n  o f  m icroorgan ism s f o r  many y e a r s .  Eggs were used for  s t u d i e s  
i n  b a c t e r i o l o g y  and o n ly  to  a very  l i m i t e d  e x t e n t  in  m yco logy .  One 
o f  the  e a r l i e s t  r e c o r d s  of  the  use  o f  th e  a v ia n  egg as  a medium fo r  
the  c u l t i v a t i o n  o f  fu n g i  was th a t  o f  W olf f  and I s r a e l ,  in  1891, who 
o b t a in e d  pure c u l t u r e s  o f  A c t i n omyc c s  s p .  by th e  i n o c u l a t i o n  o f  pus
8from a r e t r o m a x i l l a r y  n o d u le  i n t o  raw and p a r t i a l l y  b o i l e d  h e n ' s  and 
p i g e o n ' s  eg g s  ( 3 5 ) .
The use  o f  f e r t i l e  e g g s ,  however,  seems t o  have had i t s  s t a r t  
w i t h  th e  work o f  L e v a d i t i ,  i n  1 9 06 ,  who i n f e c t e d  c h ic k e n  embryos  
w i t h  S p i r i l l u m  s p .  o f  f o w l s .  He p o in t e d  out th e  s i g n i f i c a n t  r e l a t i o n ­
s h i p  between l i v i n g  embryonic  t i s s u e  and s u s c e p t i b i l i t y  t o  i n f e c t i o n  
a s  found in  S p i r i l l o s i s .  S i n c e  th en  the  c h o r i o a l l a n t o i c  membrane 
(CAM) o f  t h e  d e v e l o p i n g  c h i c k e n  was used as  a medium f o r  the  c u l t i v a ­
t i o n  and h i s t o p a t h o l o g i c  s t u d y  o f  v a r i o u s  d i s e a s e  i n c i t a n t s ,  i n c l u d i n g  
v i r u s e s ,  b a c t e r i a  and some f u n g i  (3 4 ,  3 5 ) .
The f i r s t  r e p o r t  on t h e  e x p e r im e n t a l  mycoses  o f  the  CAM appeared  
as  a p r e l i m i n a r y  n o t e  in  S c i e n c e  ( 3 3 ) .  A more co m p le te  s t u d y  (3 4 ,  35)  
i n c l u d e s  the  m i c r o s c o p i c  f e a t u r e s  o f  th e  l e s i o n s  produced by fu n g i  
a s s o c i a t e d  w i th  such d i s e a s e s  a s  th e  s u p e r f i c i a l  dermatomycoses  
( t i n e a  v e r s i c o l o r  and s e b o r r h e i c  d e r m a t i t i s ) ,  the  dermatomycoses  
( t r i c h o p h y t o s i s ,  e p i d e r m o p h y t o s i s ,  fa v u s  and m i c r o s p o r o s i s ) , and the  
l o c a l i z e d  cu ta n eo u s  l e s i o n s ,  granulam ata ,  deep s e a t e d  u l c e r a t i v e  
l e s i o n s ,  mucous membrane l e s i o n s ,  and v i s c e r a l  or g e n e r a l i z e d  d i s e a s e s  
as  m o n i l i a s i s ,  g e o t r i c h o s i s  , b l a s t o m y c o s i s ,  c r y p t o c o c c o s i s ,  or 
t o r u l o s i s ,  c o c c i d i o i d a l  granulom a,  s p o r o t r i c h o s i s ,  a c t i n o m y c o s i s ,  
m a c lu r o m y c o s i s , or  Madura f o o t  and chromomycosis .
I n f e c t i o n  o f  t h e  CAM w ith  v a r i o u s  p a t h o g e n ic  and n on p ath cgen ic  
f u n g i  was f i r s t  d e s c r i b e d  by Moore (3 3 ) .  The in f la in a t o r y  r e a c t i o n s  
produced in  some i n s t a n c e s  were comparable t o  t h o s e  o f  the  n a t u r a l  
d i s e a s e  ( 3 5 ) .
The c u l t i v a t i o n  t e c h n iq u e  employed by Moore (35)  was based  on 
t h a t  d e s c r ib e d  by Goodpasture (6 ) and h i s  c o l l a b o r a t o r s  in  t h e i r  
work on v i r u s e s .
Anderson, DeMonhreun, and Goodpasture (1945)  dem onstrated  th e  
v a l u e  of  th e  u se  o f  the  embryonic y o lk  sac  fo r  the  i s o l a t i o n  and 
c u l t i v a t i o n  o f  Donovaria  gran u lom ata . T he ir  s t u d i e s  prov ided  s t r o n g  
support  for  e s t a b l i s h i n g  the  e t i o l o g i c a l  r e l a t i o n s h i p  between t h i s  
m icroorganism  and th e  d i s e a s e  Granuloma i n g u i n a l e  ( 5 ) .
I t  was dem onstrated  t h a t  th e  y o lk  sac o f  7- to  8 -day embryos was 
e s p e c i a l l y  s u i t a b l e  f o r  the  c u l t i v a t i o n  o f  s e v e r a l  p a th o g e n ic  fu n g i  
i n c l u d i n g  Act inom yces  b o v i s , Nocardia  a s t a r a i d e s , N. i n t r a c e l l u l a r i s , 
Blastom yces  d e r m a t i t i d e s , Sporotrichum s c h e n k i i , C o c c in d lo id e s  
im m it is  and H is to p la sm s  capsu la tu m . I t  was found t h a t  t h i s  method 
was s u p e r io r  to  a r t i f i c i a l  media fo r  th e  i s o l a t i o n  and i d e n t i f i c a t i o n  
o f  t h e s e  p a t h o g e n ic  a g e n t s  from c a s e s  o f  d i s e a s e  ( 4 ) .
Vogel  and Conant (47) s t u d ie d  the  growth and morphology o f  
C o c c i d i o i d e s  im m it is  in  embryonated eggs  u s in g  v a r i o u s  s i t e s  o f  
i n o c u l a t i o n .
J im inez  and Budding (31) i n f e c t e d  c h ic k e n  embryos w ith  
V a r t o n e l l a  l a c i l l i f o r m i s . This  m icroorganism  was r e a d i l y  c u l t i v a t e d  
in  th e  a l l a n t o i c  f l u i d  o f  embryos in cub ated  a t  2 5 -28  C a f t e r  i n o c u l a ­
t i o n .
I n f e c t i o n  o f  c h ic k e n  embryos w i th  Trichophyton rubrum, T, 
gypseum, T. c r a t e r i f o r m . Microsporum f u r - f u r  and Kauffman-Wolf  
Epidermophyton led  to  th e  development o f  a m ycot ic  p r o c e s s  i n  the  
membranes and t i s s u e s .  The s e v e r i t y  o f  i n f e c t i o n  depends on th e  typ e
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o f  th e  fu n g u s ,  the  age  o f  th e  embryo, and t h e  number o f  the  fu n g a l
e lem en t  u s e d .  T. gypseum was th e  most p a t h o g e n i c ,  7 -9  embryos were
used f o r  t e s t i n g  th e  ch em o th era p eu t ic  a c t i o n  o f  f u n g i c i d a l  a g e n t s
( 1 7 ) .
In 1950,  Burke (7 )  extended  th e  e v a l u a t i o n  o f  the  c u l t u r e  o f  
th e  animal phase  o f  C o c c l d i o i d e s  immit.is in  th e  embryonated agg not 
o n l y  in  th e  CAM but t o  i n c l u d e  th e  embryo per s e ,  a l l a n t o i c  f l u i d s ,  
a i r  sac  membrane, albumen, e t c .
Brueck and Euddingh (4 )  r ep o r t e d  t h e i r  e x p e r i e n c e s  w i t h
p r o p a g a t io n  o f  p a t h o g e n ic  f u n g i  in  th e  y o l k  sac  o f  embryonated e g g s .
A rap id  and a lm o s t  c o m p le te  r e v e r s a l  i n t o  s p h e r u le  phase  was noted  
t o  occur when s u s p e n s i o n s  o f  t h e  m y c e l i a l  growth o f  c u l t u r e s  o f  C. 
im m it i s  were i n o c u l a t e d  i n t o  t h e  embryonic y o l k  s a c .  They conc luded  
t h a t  th e  y o l k  sac  o f  th e  d e v e l o p i n g  c h ic k e n  embryo proved to  be  h i g h l y  
s u i t a b l e  f o r  th e  p r o p a g a t io n  o f  C. i m m i t i s .
The p a r a s i t i c  morphology o f  t h r e e  d e r m a to p h y te s ,  Microsporum 
c a n i s , Epidermaphyton f l o c c o s u m , T richophyton  mentagraphyt.os was 
Stu d ied  w h i l e  th e  organisms grew on th e  CAM o f  d e v e l o p i n g  c h i c k  
embryos.  I t  was conc luded  t h a t  chick-em bryo  membranes s u f f i c e  fo r  
the  p r o d u c t io n  o f  p a r a s i t i c  phases  o f  th e  f u n g i  which m o r p h o l o g i c a l l y
resem b le  t h o s e  s ee n  i n  human c a s e s  ( 4 1 ) .
R e c e n t l y ,  B l o s s  ( 3 ) ,  a t  the  U n i v e r s i t y  o f  A r iz o n a ,  used  
embryonated c h ic k e n  eggs  t o  d e term in e  th e  LD^q v a l u e s  fo r  m ycotox ins  
e x t r a c t e d  from c o t t o n  seed  m ea l ,  peanuts  and o th e r  food and f i b e r
crops  i n f e c t e d  by A s p e r g i l l u s  f 1avus and o th er  f u n g i .
MATERIALS AND METHODS
I s o l a t e s  o f  Geotrichum candidum:
In t h i s  s tu d y  seven  i s o l a t e s  were used:  two animal i s o l a t e s ,
CH from a human s u f f e r i n g  w i th  G e o t r i c h o s i s  and B-446 from t o r t o i s e ;  
and f i v e  p l a n t  i s o l a t e s ,  ATCC-7019, LA-2 , C-125, LA-1, from c i t r u s  and WR 
from ca rro t  (Table  1 ) .
P r e p a r a t io n  o f  inoculum:
The fungus  su s p e n s io n  used fo r  i n o c u l a t i o n  or i n j e c t i o n  i n t o  
eggs  was made by v i g o r o u s  shaking  of  two to  t h r e e  l o o p f u l I s  o f  
mycelium and a r th r o s p o r e s  from a f r e s h  Sabouraud-cyclohe:: imide-  
chloromphenical.  c u l t u r e  ( 2 7 ) ,  i n  10 ml o f  s t e r i l e  p h y s i o l o g i c a l  
s a l i n e .  Larger fragments  o f  mycelium were a l lo w ed  t o  s e t t l e  out and 
the  c lo u d y ,  f l u i d  supernatan t  c o n t a i n i n g  a r th r o s p o r e s  and hyphal  
fragments  then was used .  D i l u t i o n  s e r i e s  o f  inoculum were suspended  
i n  s t e r i l e ,  normal s a l i n e  and th e  a r th r o s p o r e  and hyphal fragment  
count  in  each d i l u t i o n  was determined w i th  a Spencer B r i g h t -L in e  
Hemacytometer,
The c u l t i v a t i o n  techniq ue  employed by Moore (35) was based on 
t h a t  d e s c r ib e d  by Goodpasture ( 2 8 ) .  Further  m o d i f i c a t i o n s  were made 
by a number o f  workers l i s t e d  ( 6 , 3 7 ) .  The f o l l o w i n g  i s  a b r i e f  
d e s c r i p t i o n  o f  the  t echn iq u e  used in  t h e s e  s t u d i e s .
F e r t i l e  eggs  were s e l e c t e d  by c a n d l i n g .  The p o s i t i o n  o f  the  
embryo was noted by i t s  spontaneous movements,  and a p o in t  marked 
above i t  on th e  s h e l l ,  care  b e in g  taken t o  avoid  blood v e s s e l s  in  
the  u n d er ly in g  CAM.
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Table  1.  I s o l a t e  number, name s o u r c e ,  and year  of i s o l a t i o n  o f  
Geotr ichum candidum i s o l a t e s  used in  th e s e  s t u d i e s .
I s o l a t e  I s o l a t e  Year o f
nu mb e r______ name _ Sourc e ___________________________i s o l a t i o n
1 CH I s o l a t e d  from human in  th e  LSU March,
M edica l  S c h o o l ,  New Orleans  1964
2 B-446 I s o l a t e d  from lung of  t o r t o i s e ,
Chicago Z o o l o g i c a l  Park 
T o r t o i s e  #1
3 LA-1 I s o l a t e d  from Washington n a v e l  December,
oranges  in  Plaquemines P a r i s h ,  1963
Loui s ia n a
1A-2  I s o l a t e d  from Washington n ave l  December,
oranges  in  Plaquemines P a r i s h ,  1963
L o u is ia n a
C-125 I s o l a t e d  from lemon in  Southern 1957
C a l i  f o r n i a .
WR I s o l a t e d  from c a r r o t  in  Chicago 1964
product market a r r i v e d  from 
Mexico
7 ATCC-7019 Prom American Type C ulture
C o l l e c t i o n  No. 7019. Rece ived  
as  G. cand idum v a r .  c i t r i a u r a n t i i , 
Argent i n a .
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I n c u b a t io n  o f  e g g s :
Eggs o f  w h i t e  Leghorn ch ick en s  were ob ta in ed  from ccnstanL  
source  o f  the  L o u is ia n a  S t a t e  U n i v e r s i t y  P o u l tr y  Department.  These  
were incubated  in  a s ta n d a rd ,  e l e c t r i c ,  t h e r m o s t a t - c o n t r o l l e d ,  egg-  
in cu b a to r  a t  a tem perature  of 37 C. U s ing  a i r  c i r c u l a t i o n ,  the  
r e l a t i v e  hum idity  was m ainta ined  a t  85-87  per c e n t .  M ois ture  was 
s u p p l ie d  from d i s t i l l e d  w ater  i n  a sh a l lo w  pan p laced  near t h e  bottom  
o f  the  in c u b a t o r .  Eggs were a u t o m a t i c a l l y  turned every  fou r  h ou rs .
An i n c u b a t io n  per iod  o f  10 days was a l lo w ed  fo r  minimum development  
o f  th e  CAM. I n o c u la te d  eggs were incubated  a t  31 C in  a standard  
i n c u b a t o r .
I n o c u l a t i o n  o f  c h o r o l o a 1l a n t o i c  membrane:
The t e c h n iq u e  employed in  the  p r e se n t  s tu d y  embodied the  use  o f  
th e  a r t i f i c i a l  a i r  space  above the CAM, the  same as  t h a t  used by 
Guidry (29) o f  th e  L o u is ia n a  S t a t e  U n i v e r s i t y  School  o f  Medicine  
(F igure  1 ) .
N in e -d a y -o ld  f e r t i l e  eggs were prepared by c u t t i n g  a window in  
th e  s h e l l  7 -10  mm square w i th  a carborundum d i s c  to  expose  th e  s h e l l  
membrane and th en  smeared around with  a very  t h i n  la y e r  o f  melted  
(60 -65  C) p a r a f f i n  wax. A very  s l i g h t  opening  o f  1 .0  mm was made a t  
the  p o in te d  end of  each e g g .  A f t e r  15-20  m inutes  the  u n d e r ly in g  s h e l l  
was c a r e f u l l y  removed by means o f  a s t e r i l e ,  h a l f - s p c a r - p o i n t  d i s s e c t ­
in g  n e e d le  a lo n g  t h r e e  s i d e s  o f  the  square and then by g r a sp in g  the  
square s h e l l  w i th  a s t e r i l e  f o r c e p ,  i t  was torn  o f f .  The CAM was 
dropped to  p rov id e  a wide expanse o f  f l a t  membrane f o r  i n o c u l a t i o n .
The window was c l o s e d  w ith  a p ie c e  o f  sc.oixh t a p e .  The eggs were
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F ig u r e  1 General  v iew  o f  c h ic k e n  eggs  prepared fo r  i n o c u l a t i o n  
o f  the  c h o r i o a l l a n t o i c  membrane. Note window cut  in  
th e  s h e l l  co v ered  w i t h  c l e a r  a d h e s i v e  t a p e .
15
incubated  fo r  24 hours a t  37 C, then candled  and dead embryos d i s ­
card ed .  B e fo re  i n o c u l a t i o n  the  area  around the window was c l ea n se d  
w ith  4 . 0  per c en t  t i n c t u r e  o f  i o d i n e .  The CAM was i n o c u l a t e d  w i th  a 
s u s p e n s io n  o f  th e  fungus i n t o  the a r t i f i c i a l  a i r s p a c e .  The area  of  
the  CAM exposed t o  th e  inoculum was ap p ro x im a te ly  1 .0  cm sq u a r e .
The window was c l o s e d  w i th  a p i e c e  o f  S co tch  brand a d h e s iv e  t a p e .
Each egg r e c e i v e d  a 0 . 1  ml s u s p e n s io n  u s i n g  a 2 . 0  ml t u b e r c u l i n -  
type s y r i n g e  f i t t e d  w i t h  a 23-gau ge  n e e d l e  or w i th  a p i p e t t e .  The 
i n o c u l a t e d  eggs were incub ated  a t  31 C which was determined to  be 
co n v e n ie n t  for  th e  growth o f  v a r io u s  fungus i s o l a t e s  and fo r  embryo
deve lopm ent .  The 7 -1 0  mra square window was p r e fe r r e d  fo r  th e  s tudy
of  d e v e l o p i n g  l e s i o n s .  A window about 3 -6  mm square was used for
d e te r m in a t in g  the  I/D5 0  o f  fungus i s o l a t e s .  The p r i n c i p a l  f e a t u r e  of
the  sm a l le r  window was the  reduced amount o f  m a n ip u la t io n  o f  the CAM 
req u ired  d u r in g  i n o c u l a t i o n .  This  d e c re a sed  the  development o f  
traum atic  i n j u r y  and d e c re a sed  l o s s e s  due to  a i r - b o r n e  contam inants .  
Twenty embryos were i n o c u l a t e d  fo r  each t r e a tm e n t .  A l i k e  number o f  
n o n in o c u la ted  eggs s erv ed  as  c o n t r o l s .
I n o c u l a t i o n  o f  a l l a n t o i c  f l u i d :
The same te c h n iq u e  was employed a s  d e s c r ib e d  by R o e s s l e r  ( 3 5 ) .  
Embryos incu b ated  fo r  9 -1 0  days were  candled  and the e g g s h e l l  marked 
a t  a s i t e  where the  CAM appeared to  be w e l l  d eve lop ed  and in  an area  
f r e e  o f  la r g e  b lood v e s s e l s .  A sm al l  groove app rox im ate ly  2-3  mm long  
and 1 . 0  mm. wide was d r i l l e d  i n t o  th e  s h e l l  w i th o u t  i n j u r i n g  the  s h e l l  
membrane. The groove wras covered  w i th  a t h in  la y e r  of  hot p a r a f f i n .
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I n j e c t i o n  in  th e  a l l a n t o i c  f l u i d  was made w ith  a 2 . 0  ml t u b e r c u l i n  
s y r in g e  u s in g  a 2 - in c h ,  23-gauge  hypodermic n e e d l e .  The n eed le  was 
i n s e r t e d  i n t o  th e  s h e l l  membrane and th e  CAM for  on ly  a few m i l l i ­
m e t e r s .  The opening was s ea le d  w ith  a t h i n  la y e r  o f  m elted  p a r a f f i n .
Y o lk - sa c  i n o c u l a t i o n :
The y o l k - s a c  was i n o c u l a t e d  through th e  b lu n t  end o f  the  egg  
s h e l l  by way o f  a d r i l l  h o l e .  Before  i n o c u l a t i o n  the area over the  
a i r  sac  was c l e a n s e d  w i th  4 . 0  per cen t  t i n c t u r e  o f  i o d i n e .  I n j e c ­
t i o n s  were made i n t o  th e  yo lk  sac  with  a 2 . 0  m l ,  t u b e r c u l i n  s y r i n g e  
u s in g  a 2 - i n c h ,  23-gauge  hypodermic n e e d l e .  The i n o c u l a t i n g  n eed le  
was i n s e r t e d  through th e  d r i l l  h o l e  and d i r e c t e d  inward a lo n g  the  
long a x i s  o f  the egg fo r  about 2 -3  cm so  th a t  th e  i n j e c t i o n  was 
made near the  c e n t e r  o f  the  eg g .  The d r i l l e d  h o le  was s e a l e d  w ith  
a drop o f  melted p a r a f f i n  a f t e r  i n o c u l a t i o n .
Mi c r o s c o p i c  and c u l t u r a l  exami n a t i o n  o f  e g g s :
The in o c u l a t e d  eggs  were candled d a i l y  to  d e term fre  the number 
of  dead embryos.  Deaths  were recorded 3-5  days a f t e r  i n o c u l a t i o n .
A sm all  amount o f  the  CAM, a l l a n t o i c  f l u i d ,  or the  y o l k  from 2 -4  eggs  
i n  which embryo death  occurred was taken from each treatm ent  and 
c u l t u r e d  on Sabourand-dextrose  a gar .  Growth of  the  fungus was 
r e c o r d e d .  Embryos t h a t  showed b a c t e r i a l  con tam in at ion  were d i s ­
card ed .  Smears from th e  d e t e r i o r a t e d  CAM, a l l a n t o i c  f l u i d ,  or the  
y o lk  were examined m i c r o s c o p i c a l l y  for  th e  p resen ce  of  the  a r t h r o ­
sp o res  and m y c e l i a l  growth. The yolk  m ater ia l  was c l e a r e d  w ith  10 
per c en t  potass ium  hydroxide  b e f o r e  m ic r o sc o p ic  ex am inat ion .  Two
17
embryos each were s a c r i f i c e d  from eggs i n o c u l a t e d  w i th  i s o l a t e s  Cl\ LA-2 
and ATCC-7019 a t  7 days a f t e r  i n o c u l a t i o n .  The CAM was prepared  
f o r  h i s t o l o g i c  ex a m in a t io n .  Membranes were  p laced  in  Z enker's  s o l u ­
t i o n ,  washed, and d e h y d ra ted ,  and embedded in  p a r a f f i n .  S e c t i o n s  
were s t a i n e d  w i th  h e m a to x y l in  and e o s i n .
D e term in a t io n  o f  LD5 0 :
L e t h a l  e f f e c t s  were c a l c u l a t e d  in  per c e n t  for  5 -6  d i l u t i o n s  
p lu s  t h e  c o n t r o l .  The LD5 q ' s  were computed u s in g  a p r o b i t  a n a l y s i s  
program and an e l e c t r o n i c  computer as  o u t l i n e d  by Daum and K i l i c r e a s  
( 1 8 ) .
Technique fo r  s e r i a l  p a s s a g e :
The tech n iq u e  used f o r  s e r i a l  passage  s t u d i e s  was e s s e n t i a l l y  
th e  same as  t h a t  d e s c r ib e d  by P a r t r id g e  ( 3 7 ) .  B r i e f l y ,  t h i s  in v o lv ed  
th e  same t ech n iq u e  as  d e s c r i b e d  f o r  th e  window method. Two t o  th r e e  
eggs  each were i n o c u l a t e d  w i th  one of th r e e  i s o l a t e s :  CH, ATCC-7019,
or LA-2. The CAM were h a r v e s t e d  a f t e r  4 - 5  days  i n c u b a t io n  a t  31 C.
The i n f e c t e d  membrane was ground up with  a few drops o f  s t e r i l e ,  
p h y s i o l o g i c a l  s a l i n e  in  a t i s s u e  gr ind er  under a s e p t i c  c o n d i t i o n s .
The r e s u l t i n g  em uls ion  was used f o r  i n o c u l a t i o n  o f  the  next  s e t  o f  
e g g s .  A s u b c u l t u r e  from t h i s  em uls ion  was made a f t e r  each passage  
on Sab o u ra u d -cy c lo h ex im id e -ch lo ra m p h en ica l  medium to  o b serve  any 
m orp h o lo g ica l  ch an ges .  Ten s u c c e s s i v e ,  u n i n t e r r u p t e d ,  s e r i a l  p assages  
were m a in ta in e d .  At the  end o f  th e  10 s e r i a l  p a s s a g e s ,  a s u b c u l t u r e  
from t h e  i n f e c t e d  membranes on the  Sabourand's  agar was made fo r  use  
in  d e term in in g  the LD^q fo r  each i s o l a t e .
RESULTS AND DISCUSSION
Comparative v i r u l e n c e :
The p a t h o g e n i c i t y  o f  seven  d i f f e r e n t  i s o l a t e s  o f  G. candidum,
CH, B-446, WR., LA-1., LA-2, C-125 ,  and ATCC-7019 was t e s t e d  on the  
c h o r i o a l l a n t o i c  membrane (CAM) o f  embryonated ch icken  eggs u s in g  
t h e  window method 'or  i n o c u l a t i o n .  The CAM o f  10 -d ay-o ld  c h ic k  
embryos were in o c u l a t e d  and m o r t a l i t y  d a ta  were taken 5 days a f t e r  
i n o c u l a t i o n .  LD5 0  v a lu e s  fo r  th e  d i f f e r e n t  i s o l a t e s  were d e t e r ­
mined u s in g  the  p r o b i t  a n a l y s i s  method o f  Dauin and K i l i c r e a s  (18)  
(Table  2 ) .
R e s u l t s  o f  t h i s  i n v e s t i g a t i o n  showed a s i g n i f i c a n t  d i f f e r e n c e  
in  p a t h o g e n i c i t y  o f  i s o l a t e  CH and i s o l a t e  I A - 1. The LD5 Q v a lu e s  
were 6 ,8 1 6  and 5 1 ,8 8 7  a r t h r o s p o r e s  per embryo, r e s p e c t i v e l y .  A 
wide  v a r i a t i o n  was recorded among the  LD^q v a lu e s  fo r  the o th er  
f i v e  i s o l a t e s  (B-446 ,  LAJ2 , C-125,  WR, and ATCC-7019), as w e l l  as  
between t h e s e  l a t t e r  i s o l a t e s  and LA-1 and CH. The s t a t i s t i c a l  
a n a l y s i s ,  however,  showed n o n s i g n i f i c a n t  d i f f e r e n c e s  among th e s e  
i s o l a t e s .  The LD^q v a l u e s  o f  th e  seven i s o l a t e s  were in  the  f o l l o w i n g  
order:  6 ,8 1 6  (CH), 7 ,171 ( B - 4 4 6 ) ,  14 ,311 (LA-2) ,  27 ,081  (C -125) ,
3 6 ,2 0 9  (WR), 4 6 ,7 8 6  (ATCC-7019) and 5 1 ,8 8 7  (LA-1) .  A marked d i f ­
f e r e n c e  was found i n  the  LD5 0  between LA-2 and LA-1 which have the  
same o r i g i n .
These r e s u l t s  were i l l u s t r a t e d  g r a p h i c a l l y  u s in g  th e  computed 
d o s a g e - m o r t a l i t y  curves  for  th e  d i f f e r e n t  i s o l a t e s  ( F ig .  2a and 2 b ) .
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Table  I I .  L e t h a l  e f f e c t s  o f  s even  i s o l a t e s  o f  G. candidum on 10-  
d a y - o ld  c h ic k  embryos a t  5 days a f t e r  i n o c u l a t i o n  of  
c h o r i o a l l a n t o i c  membranes based on 17 t o  20 embryos per  
t r e a t m e n t .
No. o f  Corrected  
a r t h r o s p o r e s  per c e n t  
i n o c u l a t e d  m o r t a l i t y
CH (Human) :
.LP5g.
No. o f  Corrected  
a r t h r o s p o r e s  per c en t  
in o c u l a t e d  m o r t a l i t y  LD^n
C-125 ( C i t r u s )
0 0 . 0 0 0 . 0
700 1 1 . 1 800 1 0 . 0
900 2 3 .5 1 ,800 3 3 .3
2 , 2 0 0 4 4 . 4 3 ,3 0 0 2 7 .7
5 ,2 0 0 5 0 . 0 6 ,816 6 ,5 0 0 4 1 . 1
2 2 ,5 0 0 6 1 .1 4 2 ,3 0 0 5 2 . 6
8 9 ,4 0 0 8 3 .3 117 ,200 6 3 .1
B-446 ( T u r t l e ) : WR ( c a r r o t ) :
0 0 . 0 1 ,3 0 0 15 .7
600 1 1 . 1 2 ,6 0 0 19.5
900 2 9 .1 5 ,9 0 0 3 8 .0
4 , 7 0 0 4 0 . 9 7 ,171 7 ,9 0 0 4 4 . 2
34 ,700 6 2 .4 34 ,100 5 3 .2
110,900 87 .4 147 ,200 5 7 . 8
LA-2 ( C i t r u s ) : ATCC-7019 ( C i t r u s ) :
0 0 . 0 0 0 . 0
600 1 1 . 1 800 8 .7
3 ,6 0 0 3 5 .2 2 , 0 0 0 1 2 . 1
6 ,6 0 0 4 0 . 0 8 , 0 0 0 3 0 .4
1 1 , 0 0 0 4 4 . 4 14,311 3 0 ,0 0 0 4 1 .4
32 ,800 6 3 .1 1 0 0 , 0 0 0 6 0 .2
150 ,600 7 7 .7
LA-1 ( C i t r u s ) :
0 0 . 0
1 , 0 0 0 1 0 . 0
4 ,0 0 0 11.7
10 ,900 2 9 .4
30 ,3 0 0 5 2 .3 51 ,887
146,000 5 8 . 8
27,081
36 ,209
4 6 ,7 8 6
Fig u re  2 .  Computed d o s a g e - r e s p o n s e  curves  fo r  seven  i s o l a t e s  
£ •  c a ^urn f o l l o w i n g  i n o c u l a t i o n  o f  the  c h o r i o ­
a l l a n t o i c  membrane o f  1 0 - d a y - o ld  c h ic k  embryos.
a .  1 . CH
2 . B-446
3. LA-2
4 . ATCC-7019
b .  5 . LA-1
6 . C-125
7 . WR
'- tX '
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The s l o p e  o f  the  d o s a g e - r e s p o n s e  c u r v e s  may s u g g e s t  th e  same o v e r a l l  
p a t t e r n  o f  r e s p o n s e  fo r  a l l  i s o l a t e s .
G e n e r a l l y ,  the  r e s u l t s  were  in  agreement w i th  t h o s e  o f  P a r t r id g e  
(37)  u s i n g  t h r e e  s t r a i n s  o f  T r ic h o p h y to n  ru b rn n . R o e s s l e r  e t  a l . (39 )  
r ep o r t ed  la r g e  d i f f e r e n c e s  in  th e  LD50 o f  37 s t r a i n s  o f  C o c c i d i o i d e s  
im m it i s i n j e c t e d  i n t o  th e  y o l k  s a c .
The v a l u e  o f  the  CAM te c h n iq u e  for  t h e s e  s t u d i e s  may be empha­
s i z e d  b e c a u s e  th e  c o s t  i s  much l e s s  than i f  e x p e r im e n t a l  la b o r a t o r y  
a n im a ls  a r e  used and t h e  t im e  n e c e s s a r y  f o r  th e  deve lopment o f  d i a -  
g o n i s t i c  f e a t u r e s  f r e q u e n t l y  i s  much s h o r t e r .
S i t e  o f i n o c u l a t i o n :
In an a t t e m p t  t o  d e te r m in e  th e  r e l a t i o n  between s i t e  o f  
i n o c u l a t i o n  and v i r u l e n c e  o f  G. candidum, two i s o l a t e s  o f  th e  fungus  
CH and ATCC-7019) w ere  i n o c u l a t e d  i n t o  t h e  CAM, a l l a n t o i c  f l u i d ,  and 
y o l k  sac  o f  1 0 - d a y - o l d  embryos (T ables  I I ,  I I I ,  IV and V).
The s t a t i s t i c a l  a n a l y s i s  showed n o n s i g n i f i c a n t  d i f f e r e n c e s  
b etw een  th e  t h r e e  s i t e s  i n v o l v e d  in  both i s o l a t e s .  LD^g's o f  i s o l a t e s  
CH were  6 , 8 1 6 ,  1 1 ,6 7 0 ,  and A , 834 a r t h r o s p o r e s  per embryo when CAM, 
a l l a n t o i c  f l u i d ,  and y o l k  s a c  were i n o c u l a t e d ,  r e s p e c t i v e l y .  In 
i s o l a t e  ATCC-7019 th e  LD5 0  were  4 6 , 7 8 6 ,  4 0 , 7 3 2 ,  and 4 9 , 8 0 0  a r t h r o ­
s p o r e s  per  embryo, r e s p e c t i v e l y .  These  r e s u l t s  are  i l l u s t r a t e d  
g r a p h i c a l l y  by th e  d o s a g e - m o r t a l i t y  c u r v e s  (F ig u r es  3 and 4 ) .
R o e s s l e r  e t  a l .  (1960)  found t h a t  m o r t a l i t y  o f  8 - d a y - o l d  er.ibryor.ated 
eggs  was h ig h e r  when <2 . immi1 1 s was i n j e c t e d  i n t o  the  y o lk  sac  than  
when th e  a l l a n t o i c  f l u i d  was u se d .
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Table  111 .  M o r t a l i t y  o f  1 0 -d a y -o ld  c h ic k  embryos 5 days a f t e r
i n o c u l a t i o n  o f  the a l l a n t o i c  f l u i d  w i th  two i s o l a t e s  
o f  G. candidum u s in g  17-20 embryos per t r e a tm e n t .
No. o f  a r t h r o s p o r e s C orrec ted  per c e n t
I s o l a t e in o c u l a t e d m o r t a l i t y LD5 0
CH 0 0 . 0
1 , 0 0 0 1 0 . 0
11 ,900 4 4 . 4
17 ,300 5 9 . 9 11 ,670
4 4 , 5 0 0 7 8 . 9
7 4 ,0 0 0 8 4 . 9
ATCC-7019 0 0 . 0
1 , 2 0 0 4 . 3
3 ,2 0 0 6 . 2
2 0 ,9 0 0 4 3 . 7 4 0 ,7 3 2
3 6 ,4 0 0 4 9 . 6
6 1 ,6 0 0 5 2 .7
Table IV. LD5 0  v a lu e s  fo r  two i s o l a t e s  o f  G. candidum i n o c u l a t e d  
i n t o  th r e e  d i f f e r e n t  s i t e s  o f  1 0 - d a y - o ld  c h ic k  embryos.
LD5 0
I s o l a t e ___________________ S i t e  o f  i n o c u l a t i o n ______a r th r o s p o r e s /e m b r y o
CH C h o r i o a l l a n t o i c  membrane 6 ,8 1 6
A l l a n t o i c  f l u i d 1 1 ,6 7 0
Yolk  sac 4 ,8 3 4
ATCC-7019 C h o r i o a l l a n t o i c  membrane 4 6 ,7 8 6
A l l a n t o i c  f l u i d 4 0 ,7 3 2
Yolk sac 4 9 ,8 0 0
F ig u r e  3 .  E f f e c t  o f  s i t e  o f  i n o c u l a t i o n  on re sp o n se  o f  
1 0 - d a y - o l d  c h i c k  embryos to  candidum 
( i s o l a t e  CH).
1.  I n o c u l a t i o n  o f  th e  c h o r i o a l l a n t o i c  membrane.
2 .  I n o c u l a t i o n  o f  the  a l l a n t o i c  f l u i d .
3 .  I n o c u l a t i o n  o f  th e  y o l k  s a c .
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F ig u r e  4 .  E f f e c t  o f  s i t e  o f  i n o c u l a t i o n  on r e s p o n se  o f  10-day-
old  c h i c k  embryos to  G. candidum ( i s o l a t e  ATCC-7019).
1.  I n o c u l a t i o n  o f  the  c h o r i o a l l a n t o i c  membrane.
2 .  I n o c u l a t i o n  o f  th e  a l l a n t o i c  f l u i d .
3 .  I n o c u l a t i o n  o f  the  y o lk  s a c .
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Age o f  embryo:
An experim ent  was d e s ig n e d  t o  compare th e  r e s p o n se  o f  embryos 
a t  d i f f e r e n t  a g es  to  two i s o l a t e s  o f  G. candidum. I s o l a t e  CH was 
i n j e c t e d  i n t o  the  y o lk  sac  o f  6 - ,  8 - ,  and 1 0 - d a y - o l d  embryos.
I s o l a t e  ATCC-7019 was i n j e c t e d  i n t o  th e  y o lk  sac o f  6 - ,  8 - ,  1 0 - ,
1 2 - ,  and 1 4 -d a y -o ld  embryos.
The LD^q v a l u e s  fo r  CU were 4 6 2 ,  907 ,  and 4 ,8 3 4  a r t h r o s p o r e s  
per embryo for  6 - ,  8 - and 1 0 -d a y -o ld  c h i c k ,  r e s p e c t i v e l y  (Table  V).  
The d i f f e r e n c e s  were s i g n i f i c a n t  between 6 - and 10- and between 8 - 
and 1 0 - d a y - o l d  embryos.  1 ^ 5 0  v a l u e  f o r  8 - d a y - o l d  embryos was about  
tw ic e  a s  t h a t  o f  6 - d a y - o l d  embryos but s t a t i s t i c a l l y  n o n s i g n i f i c a n t .
The r e s p o n se  to  i s o l a t e  ATCC-7019 o f  embryos i n j e c t e d  a t  
d i f f e r e n t  a g es  a l s o  was i n f l u e n c e d  (Table V ) . The LD^q v a l u e s  were  
1 , 6 3 4 ,  1 2 , 0 3 7 ,  4 9 , 8 0 0 ,  7 3 , 0 7 5 ,  and 1 1 7 ,165  a r t h r o s p o r e s  per embryo 
fo r  6 - ,  8 - ,  1 0 - ,  12- and 1 4 -d a y -o ld  c h i c k s ,  r e s p e c t i v e l y .  D i f f e r ­
en ces  between 6 - d a y - o ld  embryos and a l l  embryos o f  d i f f e r e n t  a g e s ,  
e x c e p t  8 - d a y - o l d ,  were s i g n i f i c a n t .  A lthough a marked i n c r e a s e  in  
t h e  LD^q was found among 8 - ,  1 0 - ,  1 2 - ,  and 14- d a y - o l d  embryos t h e s e  
d i f f e r e n c e s  were n o n s i g n i f i c a n t .
Comparison between th e  r e s p o n se  o f  embryos a t  d i f f e r e n t  a g e s  t o  
i s o l a t e  CH and ATCC-7019 o f  G. candidum was a l s o  i l l u s t r a t e d  g r a p h i ­
c a l l y  i n  F i g u r e s  5 and 6 . G e n e r a l l y ,  i t  was dem onstrated  by t h e s e  
s t u d i e s  as  w e l l  as  i n  s t u d i e s  by R o e s s l e r  e t  a l .  ( 1 9 6 0 ) ,  th a t  the  
age  o f  embryo markedly i n f l u e n c e d  i t s  r e s p o n se  to  the  fungus i n j e c t e d  
(C. im i f l i t i s ) .
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Table  V. P a t h o g e n i c i t y  o f  two i s o l a t e s  o f  G. candidum i n j e c t e d  i n t o  
th e  y o lk  s a c  o f  d i f f e r e n t  age  embryos w i th  17-20  embryos 
per  t r e a t m e n t .
Age o f
embryo  C orrec ted  per c e n t  m o r t a l i t y __________
(Days)__________________ No. o f  a r t h r o s p o r e s  i n o c u l a ted ________________LD5 Q
I s o l a t e  CH:
40 0 600 1 , 0 0 0 2 , 1 0 0 0 13 ,400 2 1 ,8 0 0 0
6  3 1 . 5 7 5 . 0 7 9 .6 8 9 . 9 1 0 0 . 0 1 0 0 . 0 0 . 0 462
8 4 0 . 0 5 9 . 9 5 9 . 9 8 9 . 9 1 0 0 . 0 0 . 0 907
1 0 2 0 . 0 4 0 . 0 4 2 . 1 5 9 . 9 6 6 . 6 0 . 0 4 ,8 3 4
I s o l a t e  ATCC-7019:
600 800 9 ,4 0 0 3 5 ,8 0 0 9 4 ,2 0 0 0
6 4 1 . 1 5 0 . 1 5 7 . 6 6 8 . 2 8 1 .3 0 . 0 1 ,643
8 2 2 . 2 1 3 . 0 4 4 . 1 6 8 .3 7 2 .2 0 . 0 12 ,037
1 0 1 5 .7 19 .5 3 9 . 0 4 1 . 5 5 7 . 8 0 . 0 4 9 , 8 0 0
1 2 1 0 . 0 2 1 . 0 3 0 . 0 4 4 . 4 5 2 . 6 0 . 0 73 ,075
14 5 . 2 2 0 . 0 2 1 . 0 4 4 . 4 4 7 . 0 117 ,165
F ig u r e  5 .  P a t h o g e n i c i t y  o f  G. candidum ( i s o l a t e  CH) i n j e c t e d  
i n t o  t h e  y o l k  sac  of d i f f e r e n t  age  embryos.
1.  S i x - d a y - o l d  embryos.
2 .  E i g h t - d a y - o l d  embryos.
3 .  T e n - d a y - o ld  embryos.
9 9 . 5  t
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Figure  6 . P a t h o g e n i c i t y  o f  G. candidum ( i s o l a t e  ATCC-7019) 
i n j e c t e d  i n t o  the  y o lk  sac  o f  d i f f e r e n t  age  
embryos.
1. S i x - d a y - o l d  embryos.
2 .  E ig h t - d a y - o ld  embryos.
3 .  T en -d a y -o ld  embryos.
4 .  T w e lv e -d a y -o ld  embryos.
5 .  F o u r t e e n - d a y -o ld  embryos.
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V a r i a t i o n  in  p a t h o g e n i c i t y  a f t e r  s e r i a l  p a s s a g e s :
Three i s o l a t e s  o f  G^ . candid  urn, CK, ATCC-8019, and LA-2, were  
t e s t e d  fo r  p a t h o g e n i c i t y  a f t e r  10 s e r i a l  p a s sa g es  on the  CAM o f  
1 0 -d a y - o ld  embryonated c h i c k e n  e g g s .  M o r t a l i t y  o f  c h i c k  embryos 
was recorded  5 days  a f t e r  i n o c u l a t i o n .  The LD^q o f  c h i c k  embryos 
was computed f o r  th e  o r i g i n a l  c u l t u r e  o f  each i s o l a t e  and compared 
w ith  th e  o f  the  same i s o l a t e  a f t e r  1 0  s e r i a l  p a s s a g e s
(Table VI,  F i g .  7 ) .  I s o l a t e  CH showed a s i g n i f i c a n t  i n c r e a s e  i n  
v i r u l e n c e .  CH had an o r i g i n a l  LD5 0  o f  8 ,1 7 7  and a f t e r  s e r i a l  
p a s s a g e  1 ,551  a r t h r o s p o r e s  per embryo. I s o l a t e  ATCC-7019 showed 
2 . 4 - f o l d  i n c r e a s e  i n  p a t h o g e n i c i t y  w i t h  an o r i g i n a l  LD5 0  o f  
64 ,2 4 5  reduced t o  2 7 ,5 7 2  a r t h r o s p o r e s  per  embryo. The LD^q lower  
and upper l i m i t s  o f  c o n f i d e n c e  o v e r la p p e d  i n d i c a t i n g  n o n s i g n i f i c a n t  
d i f f e r e n c e .  There  was no s i g n i f i c a n t  d i f f e r e n c e  in  th e  f o r
i s o l a t e  LA-2 b e f o r e  and a f t e r  p a s s a g e ,  16 ,479  and 10 ,304  a r t h r o s p o r e s  
per embryo, r e s p e c t i v e l y .
P r e l im in a r y  o b s e r v a t i o n  P a r t r i d g e  (37)  on s e r i a l  p a s s a g e s ,  
u s i n g  th e  CAM o f  t h e  d e v e l o p i n g  c h i c k ,  i n d i c a t e d  a s l i g h t  i n c r e a s e  
i n  p a r a s i t i c  a d a p t a t i o n  by  two s t r a i n s  o f  Trichophyton rubrum. 
Newcomer e t  a l .  (36 )  r e p o r t e d  t h a t  C o c c i d l o i d e s  im m it is  t r a n s f e r r e d  
through 9 egg  p a s s a g e s  m a in ta in e d  t h e i r  same de g r ee  o f  p a t h o g e n i c i t y  
when i n j e c t e d  i n t o  m i c e ,  a l t h o u g h  th e  r a t e  o f  growth was in c r e a s e d  
d u r in g  th e  e a r l y  t r a n s f e r .
R e s u l t s  o f  th e  p r e s e n t  work,  as  w e l l  as  t h o s e  r ep o r t e d  by 
P a r t r i d g e  (37)  and Nevccmer e t  a l .  ( 3 6 ) ,  s u g g e s te d  a p o s s i b l e
31
T ab le  V I .  Changes i n  p a t h o g e n i c i t y  o f  G. candidum i s o l a t e s  CH, 
ATCC-7019, and LA-2 a f t e r  10 s e r i a l  p a s s a g e s  in  the  
c h o r i o a l l a n t o i c  membrane o f  1 0 - d a y - o l d  c h i c k  embryos 
based on 18-20  embryos per t r e a t m e n t .
Bef o r e  p a s sa g e
No, o f  
a r t h r o s p o r e s  
in o c u l a t e d
Corrcc ted  
per c e n t  
m o r t a l i t y LDsn
A f t e r  p a s s a g e
No, o f  
a r t h r o s p o r e s  
i n o c u l a t e d
Corrected  
per c e n t  
m o r t a l i ty
CH
0
500
6 ,9 0 0
1 4 ,3 0 0
2 8 ,5 0 0
4 1 ,0 0 0
0
0 . 0
15 .2
3 6 .4  
6 2 . 9
7 0 .5  
7 8 .8
0 . 0
8 ,1 7 7
0
800
4 , 9 0 0
1 3 ,9 0 0
2 7 ,7 0 0
4 5 , 1 0 0
0
C.O 
22  . 2  
5 0 . 0  
7 7 .7  
8 3 .3  
100.0 
0 . 0
1 ,5 5 1
ATCC-7019
0 0 . 0
500 4 . 7
3 , 7 0 0  2 3 .5
1 7 ,1 0 0  3 1 .5
2 9 ,7 0 0  3 6 .4  64 ,2 4 5
9 3 ,5 0 0  5 7 . 6
0 0 . 0
0 0 . 0
400 5 . 2
1 , 3 0 0  5 . 2
1 2 .7 0 0  31 .5
2 4 ,5 0 0  6 1 .2  2 7 ,5 7 2
4 6 . 7 0 0  5 2 . 6
0 0 . 0
LA-2
0
1 ,7 0 0  
5 , 6 0 0  
10 ,800  
3 4 ,2 0 0  
6 9 ,6 0 0  
0
0 . 0
3 0 . 0
3 5 . 0  
4 4 . 4  
5 7 . 8  
66 . 6
0 . 0
16 ,479
0
500
800
4 , 0 0 0
1 4 .2 0 0
4 2 . 2 0 0  
0
0 . 0
10 . 0
2 5 . 0
2 7 .7
5 7 . 8  
6 8 .4
0 . 0
10 ,3 0 4
Fig u re  7 .  P a t h o g e n i c i t y  changes  o f  th re e  i s o l a t e s  o f  G.
candidum a f t e r  1 0  s e r i a l  p a s sa g es  in  the c h o r i o ­
a l l a n t o i c  membrane of  1 0 - d a y - o ld  c h ic k  embryos.
1. CH o r i g i n a l
2 .  CH a f t e r  p a s sa g es
3. ATCC-7019 o r i g i n a l
4 .  ATCC-7019 a f t e r  p a s sa g es
5 .  LA-2 o r i g i n a l
6 . LA-2 a f t e r  p a s s a g e s .
* c
< 1
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p a r a s i t i c  a d a p t a t io n  in  th e  environment  through which th e  s e r i a l  
p a s s a g es  were c a r r i e d  o u t .
In another  ex p er im en t ,  i s o l a t e s  CH, ATCC-7019, and LA-2 were  
t e s t e d  for  p o s s i b l e  changes  in  v i r u l e n c e  on orange ,  lemon, and , 
g r a p e f r u i t  f o l l o w i n g  10 s e r i a l  p a s sa g es  in  th e  CAM o f  1 0 -d a y -o ld  
c h ic k  embryos,  Mcan  d iam eter  o f  r o t t e d  a rea s  was measured 7 days  
a f t e r  i n o c u l a t i o n .  Values  for  the  th r e e  i s o l a t e s  b e f o r e  and a f t e r  
p a ssa g e  were g iv en  (Tnlile VII) . The r e s u l t s  showed no change in  the  
p a r a s i t i c  a b i l i t y  in  a l l  th ree  i s o l a t e s  when t e n t e d  a f t e r  10 p a s sa g es  
on oran ge ,  lemon and g r a p e f r u i t ,  u n l i k e  th o se  obta ined  when t h e s e  
same i s o l a t e s  were t e s t e d  on CAM o f  embrycnated c h i c k .
H i s t o p a lh o lo g y  of  t he fungus G. c andidum in  the CAM:
H i s t o p a t h o l o g i c a l  s t u d i e s  o f  th r e e  i s o l a t e s  o f  G. candidurn,
CH, ATCC-7019, and LA-2 on the CAM of  embryonated c h ick en  eggs were 
made. Membranes were i n o c u l a t e d  w i th  a r t b r o s p o r e  su s p e n s io n s  in  
normal s a l i n e .  Membranes were h a r v e s t e d  5-7 days a f t e r  i n o c u l a t i o n .
M a c r o s c o p i c a l 1y , the  membrane showed g r a y i s h - y e l l o w  to  l i g h t -  
brown l e s i o n s  and th ick en ed  membrane in  r esp o n se  to  i n f e c t i o n  a f t e r  
5 -7  d a y s .  A g e n e r a l  appearance o f  the  i n f e c t e d  CAM i s  shown 
(F igure  8 ) .
M i c r o s c o p i c a l l y ,  the  CAM i s  p r i m a r i l y  the  r e s p i r a t o r y  organ of  
th e  embryo and the membrane i t s e l f  i s  a t h i n  s h e e t  o f  t i s s u e  com­
posed of  an o u ter  ectoderm and inner  entoderm, each c o n s i s t i n g  o f  a 
s i n g l e  la y e r  o f  f l a t t e n e d  c e l l s .  Between t h e s e  l i e s  th e  mesoderm,  
which a c t s  as  a su p p o r t in g  t i s s u e  to  the  network of  blood v e s s e l s  
and c a p i l l a r i e s .
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Table  V II .  P a t h o g e n i c i t y  o f  d i f f e r e n t  i s o l a t e s  o f  G_. cand id urn in
p la n t  t i s s u e  (orange ,  lemon, g r a p e f r u i t )  a f t e r  10 s e r i a l  
p a ssa g es  in  the  c h o r i o a l l a n t o i c  membrane o f  10 -d ay-o ld  
c h i c k  embryos.
P la n t
Mean (6 r e p l i c a t e s )  
area  a f t e r
diam eter  o f  r o t t e d  
7 days (mm)
t i s s u e I so  l a t e B e fo re  passage A f t e r  passage
Orange: CH 18 19
ATCC-7019 42 40
LA-2 30 25
Lemon; CH 15 12
ATCC-7019 39 40
LA-2 31 28
G r a p e f r u i t : CH 20 18
ATCC-7019 56 51
LA-2 44 40
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Figure  8 .  The embryo and CAM of  ch ick en  eggs showing d e t e r i o r a t i o n  
o f  blood v e s s e l s  in  the  i n f e c t e d  membrane, 5 days a f t e r  
i n o c u l a t i o n .  Above CH, below ATCC-7019, and to  the  l e f t  
th e  normal, n o n in fe c te d  c o n t r o l .
Figure 8 .  The embryo and CAM o f  ch icken  eggs showing d e te r io r a t io n  
o f  blood v e s s e l s  in  the in fe c te d  membrane, 5 days a f te r  
in o c u la t io n .  Above CH, below ATCC-7019, and to  the l e f t  
the normal, n o n in fected  c o n tr o l .
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G. candidum grew r e a d i l y  on th e s e  t i s s u e s ,  and t h e i r  r esp o n se  
t o  fungous in v a s io n  f o l l o w s  th e  same p a t t e r n  f o r  a l l  th e  t h r e e  i s o ­
l a t e s :  CH, ATCC-7019, and LA-2 (F igures  9 ,  10,  11,  12,  1 3 ) .
S e c t i o n s  o f  i n f e c t e d  membranes f i x e d  in  Zenker's  s o l u t i o n  and 
s t a i n e d  w i th  h em atoxy l in  and e o s i n  were examined. S e c t i o n s  o f  the  
CAM h a r v e s ted  5 -7  days  a f t e r  i n o c u l a t i o n  showed t h a t  th e  a r th r o s p o r es  
and hyphal  fragments  had germinated t o  form mycelium which was f r e ­
q u e n t ly  in  a e r i a l  web o f  hyphae over p a r ts  o f  the  membrane. P e n e tr a ­
t i o n  occurred where th e  hyphae were in  c o n t a c t  w i th  the ectoderm.
The i n i t i a l  r e a c t i o n  o f  the  CAM was h y p o p la s ia  and p r o l i f e r a t i o n  of  
th e  ectoderm where fu n g a l  hyphae had i n f i l t r a t e d .  Chains o f  a r t h r o ­
sp o r es  were u s u a l l y  produced e i t h e r  on th e  s u r f a c e  or w i t h i n  the  
p r o l i f e r a t i n g  ectoderm where they  germinate  (F igu res  14,  1 5 ) .
In crea sed  p a r a s i t i c  a c t i v i t y  o f  the  fungus was shown in  the  
growth o f  inv a d in g  branching  hyphae i n t o  the  mesoderm which showed 
a corresp on d in g  r e a c t i o n ,  becoming th ick en ed  (14 ,  1 6 ) .
Advance c f  i n f e c t i o n  was shown by th e  d e g e n e r a t io n  o f  the  pro­
l i f e r a t i n g  .ectoderm in  th e  area  below the  invad ing  fungus (F igure  1 6 ) .  
The fu n ga l  growth extended  to  the  u n d er ly in g  mesoderm and entoderm 
and showed a c o rresp o n d in g  tendency t o  p r o l i f e r a t i o n  (F igure  1 7 ) .
The a b i l i t y  o f  G. candidum to  grow on the  CAM of  th e  d e v e lo p in g  
c h ic k e n  egg s e r v e s  to  dem onstrate  f u r t h e r  the  p r a c t i c a b i l i t y  o f  t h i s  
s t r u c t u r e  in  i n v e s L i g a t i v e  work. The f a c t  th a t  t h i s  membrane i s  so  
w e l l  s u i t e d  fo r  s tu d y in g  the  developmental  p r o c es s  both in  produ ct ion  
o f  l e s i o n s  and in  the  form at ion  o f  t y p i c a l  fu n g a l  growth o f  the  type
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Fig u re  9.  S e c t i o n  through the normal c h o r i o a l l a n t o i c  membrane of  
c h ic k  embryo (n o n ino cu la ted  c h i c k s ) ,  (Approx. X210) .
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F ig u r e  10. S e c t i o n  through t h e  CAM showing c o m p le te  i n v a s i o n  by 
hyphae o f  i s o l a t e  CH o f  G. candidum. (Approx. X 3 0 0 ) .
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F i g u r e  11.  S e c t i o n  through th e  CAM showing com ple te  i n v a s i o n  by 
hyphae o f  i s o l a t e  ATCC-7019 o f  G. candidum.
(Approx. X 3 0 0 ) .
F ig u r e  12. S e c t i o n  through th e  CAM showing i n v a s i o n  by hyphae 
c f  i s o l a t e  LA-2 o f  G. cand i d a n . (Approx. X420) ,
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F ig u r e  13. M y c e l i a l  i n v a s i o n  o f  the  ectoderm ,  mesoderm and entoderm  
o f  i n f e c t e d  CAM w i t h  i s o l a t e  IA-2 o f  £ .  can d idum. Note  
th e  fungus  hyphae approaching  a b lood  v e s s e l .  (Approx.  
X 2 1 0 ) .
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F i g u r e  1^. Fungal growth o f  i s o l a t e  LA-2 o f  G. c?ndidun in  i n f e c t e d  
CAM, shew ing  fo rm a t io n  o f  a r t h r e s p o r e s  '’f v a g - . e n t a t i o n )  
a t  7 days  a f t e r  i n o c u l a t i o n .  (Approx. X 9 7 0 ) .
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F ig u r e  15. G erm inat ion  o f  a r t h r o s p o r e s  o f  i s o l a t e  ATCC-7019 o f  
G. candidum i n  ectoderm  o f  i n f e c t e d  CAM a t  5 days' 
a f t e r  i n o c u l a t i o n .  (Approx. X 9 7 0 ) .
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F igure  16. The CAM i n f e c t e d  w ith  i s o l a t e  CH o f  G. candidum
showing: above , d e g e n e r a t io n  o f  the ectoderm ( n e c r o t i c
l e s i o n ) ,  and b e lo w ,  e x t e n s i o n  of hvp e-rp last ic  ectoderm
(s e e  a r r o w ) . (Approx. X210).
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Fig u re  17 , S e c t i o n  through i n f e c t e d  CAM showing h y p e r p l a s i a  and
p r o l i f e r a t i o n  o f  ectoderm and hypertrophy o f  mesoderm, 
6 days a f t e r  i n o c u l a t i o n  w i th  i s o l a t e  ATCC-7019 o f  
G. candidum. (Approx. X 1 0 0 ) .
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s ee n  i n  human d i s e a s e  end p la n t  d i s e a s e  cannot  be o v e r - e m p h a s iz e d .
Moore (3 4 ,  35) s t a t e d  th a t  h i s  r e s u l t s  i n d i c a t e  the  p o s s i b i l i t y  o f  
a fa r  w id e r  use  o f  CAM i n  m y c o t ic  i n f e c t i o n .
The h i s t o p a t h o l o g i c a l  s t u d i e s  in  t h i s  work a r e  a lm o s t  i d e n t i c a l  
w ith  t h o s e  o b t a in e d  by Moore ( 3 5 ) ,  i n  1941,  i n  h i s  work w i t h  Geotrichurn 
v e r s i f o r m e  M.
SUMMARY
R e s u lt s  o b ta in ed  from th e se  s tu d ie s  can be summarized as fo l lo w s :
1 . The CAM proved to  be a s u i t a b le  medium for  p a th o lo g ic a l  s t u d ie s  
on d i f f e r e n t  i s o l a t e s  o f  G. candidum.
2. I s o l a t e s  CH and B-446 o f  animal o r i g i n  were shown to  be more 
p athogen ic  than were th o se  o f  p la n t  o r ig in :  LA-2, C-125, VJR, 
ATCC-7019, LA-1.
3 .  A com parison o f  the e f f e c t  o f  th ree  s i t e s  o f  in o c u la t io n  to  
i n f e c t i o n  showed the y o lk  sac to  be most s u s c e p t ib l e  to  i s o l a t e  
CH.
4 .  S u s c e p t i b i l i t y  o f  embryos decreased  w ith  a g e .  Yolk sa c s  were 
found to  be s u s c e p t ib l e  to  both i s o l a t e s  CH and ATCC-7019 w ith  
CH b ein g  th e  more p a th o g e n ic .
5 .  In  an attem pt to  study changes in  p a th o g e n ic i ty  among th ree  i s o ­
l a t e s  o f  £ .  candidum a f t e r  10 s e r i a l  p assages  on the CAM, r e s u l t s  
in d ic a te d  a gen era l tendency toward in crea sed  p a th o g e n ic i ty .  No 
change In p a th o g e n ic i ty  on c e r t a in  c i t r u s  f r u i t s  cou ld  be d e te c te d  
fo r  any i s o l a t e  a f t e r  s e r i a l  passage  on the CAM.
6 . From h i s t o p a t h o lo g ic a l  s tu d ie s  o f  G. candidum in  the CAM i t  was 
concluded th a t  th e  fungus grew r e a d i ly  in  the CAM and r e s u l t e d  
in  h y p e r p la s ia  w ith  p r o l i f e r a t i o n  o f  the  t i s s u e  as a response  to  
i n f e c t i o n .
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